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DESIGN AND PERFORMANCE OF LARGE AREA MONOLITHIC ELECTROW OUNS FOR THE AUROAA Krf LASER SYSTRM

L. A. Rosocha, M. Kang, V. O. Romero, F. W. Van Haaften, and J. P. Brucker

University of California
Los Alagor Mational Laboratory
%. 0. Dox 1663
Los Alrmos, New Mexico 87548

Abstract: Aurora is sn iner-ial confinement fusion
laser system using optical angular multiplexing and
a chain of four cold cathode electron beas driven
KrF laser amplifiers to produce 10 to 20 kJ of opti-
cal energy.

The electron guns make use of graphite felt
cathodes that range in emission area from 1,200 cm2
to 20,000 cm2 and are typically driven by Marx gen=
erator charged watsrline PFlLs of 2.7 QO |mpedance
that produce 650 na pulses wher. switched by SF¢

fnsulated trigatronas, Typical cathode voltages are
300 kV to 70O kV with cathode current densitlies of

15 to 25 asem’. Electron current is transported to

the laser gas through retal foll or Kapton windows
and a hitachi support siructure. Magnetic guide
fields of 1.8 to 3.0 kG are used for bean guidance.

In this paper, we present data on temporal
measurements of cathode current und voltage and
apatis)l measurements of cu:rent dvnaity for repre-
sentative e=guns. Also presented Are measurements
on energy deposition In the laser gas medium. The
measurements of electron gun performance are in r=a-
sonahle agreement with an effective circuit model
that includes the effect of anode=cathode gap clo=
sure,

Aurora {a o high power krypton=fluoride laser
ayatem no< being conatructed for fnertial confine-
ment fusisn 10 F) studies at the Los Alamoa National
Laboratory; It will employ optical angular multi-=
plexing and serial amplification by eleciron beam-
driven Kr¥ amplifiers to deliver multi-kilojouler
', na duration laser pulses to ICF targets. The com=
Plete laner system hay been previoun)ly described by

RJnuvhu‘ and Hanlon et nl.? while the performance of
the main power amplif er in the beam train, the
Large Aperture Module LAM), hun been reporiled by

York et a1.7"" The LAM has A laner aperture of

t mx Y mand {= trke Jurgest and most erergetic

exi ting ultraviolet lamer of iLs type A0 [Ar re-
ported, having produced in excess of 10 kJ of 248 nm
laner energy when operated {n a nonoptim'zed unata-<
hle resonator configuration, A conceptual block
diagrar for the Aurura nyatem §8 shown in Fig. V.

The main amplifientfon chain for Aurora con=
mlata of four electron bheam=driven ¥rF laser ampli-=
flers called the Small Aperture Module (SAM), the
Preampliftor (FA), the Intermediate Amplifier (1A),
and the LAM.  Tatla 1 aummarizea the characteristies
of theae 1aser amplifierr:s.

The SAM {a a double=pann ampliifier that am=
pliflen n portion (60 pa) of the sutive Aurora pulae
traing 1t han a stage galn of about 'O and delivera
Bl of uvy laaer HIgH! ta the alght=rold encoder,

The '
nlnﬂl”_pnignnmpllrlrn and Interpodiate Amplifier ape
l‘hm‘m““r.i. \nmpl”‘lm'n with ¢t imtlnre denign and gatn
Micna: both have latge anpret vatfoa L/n

AURORA LASER
T Loy

Fig. V. Conceptual block diagram of the Auroia
laser system ncot including the target de-
tails.

Yahie V:

SUMMARY OF AMPLIFIER SPECIFICATIONS
(NOSY'AL VALLESR)
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(length divided by laser aperture width), operate at
high stage gain, are driven by a relat . vely low
AMaturation flux, and are only partially filled Ly
the lnput laser beamn. With an expected amal)l afp-
nal galn of 3% per cm and an absorpt fan=1 {mi e
length of 400 em, stage galna of S0 and 40 can be
achieved with the PA and 1a, reapectively. For a
typical drive ensrgy of VY J} at Lth» PA Input, the ra
output s about 50 J and the 1A output §n . K1,

The LAM han a smaller aspect ra*io than the I'A
and IA, having L./D = 2, 1t {n almoat completerly
fllled by {tn drive beam and operatea ar n fairly
low atage gatn of 10, afnee 1t ia driven fnto the
Baturated regime by the frput laner beam. For an
tnput of 2 W) from *he 4, e LAM Wt produce from
10 to 20 k! of lar.r ener:v when operalvd in a dou-
ble=pann mmplifier contigurst ton, with optimized
perrormance. At the oulput of the LAM, the mall|»
kilojoule Inaer snorgy will be In a Qh=p)erment ,

HRO na putae teatn: optteal deeoding of the multy=
Ploxed boam will rensult n the comprennjon of thin

¢ e - o ———r



enerpy jnto a 5 ns pulse suitable for fuslon tar=
gets.

In thls paper, we w'll concentrate »n the major
electron gun components of these amplifiers: Marx
generators, water PFLs, output swltches, leedthrougt
bushings, cold cathode diodes, and magnets, Fig~
ure 2, which is the equlvalent c.rcuit for the PA
and 1A, |Is representative of the circuits for all of
the amplifiers, except that the SAM does not employ
8 PFL and the LAM uses two electron guns, each
driver by two PFLs in parallel. Due to the large
siz= of the LAM, double=sided electron gun pumpling
{a used to produce a uniform diatri{bu*jion of depoa-~
{ted energy acrovss the laser aperture. The design
and performance of the elsctron gunn are dencribed
{tn more detal{l {n the sections that follow.



Fig. 2. Representative equivalent circuit for the
Preamplifier and Intersediate Amplifier.
The LAM employs two PFLs for each of {ts
e=guns {n a double-sided excitation
arrangement .

Pulsed Power Components

Marx Generator: Each amplifier contalns one or
more Marx generators of similar consv.ruct.lon.5 ex-=

cept for the SAM, which is a commercial devlce.6
The PA, IA, and the LAM all employ 15-stage Marx
generators In which each stage is a series combina-
tion of two capacitors. The 15 stages pnre {ndividu-
ally charged in a double=ended mode tc r 60 kV {n
abcut one minute or less. When fully charged and
triggered, these Marxes can erect to an open=circult
voltage of approximately 1.8 MV and approximately
1.6 MV when charging the waterline PFLs. The Marx
generators for these three main amplifiers store
about 150 kJ of electrical energy for each PFL to
which they are connected. Tabl: Il summarizes the
Marx generator characteris‘ics for all four Aurora
amplifiers,

TABLE 11

PFLs and Output SwWwitches: The PFLa employed {n
Aurora are common L. Lthe PA, 1A, and the LAM: tnene
arce coatilal cylinder tranamiasion lines uaing de=
tonized waterr as a dielectrrir. The tnner conductor
has a diameter of 63 cm, the outer conductor han an
inslde diameter of Q1 em, and the lepgth of the

linen 1a 10,8 m. The peak alactric flelda at the

PFl. negative fnner conductor and positive outer
conductor are 134 kV/cm and 91 kV/em, reapectively.

A wiater hreakdown criterion due to Hnr(in, indicaten
tha' thene valuea are aprroximately 60% and 90% of
the negative and positive breakdown fleldn, respec-
tively., Operatfon at Q0% of the Martin breakdown
atrean at firat seemn a riask, but Is jusatified in

Tight of an analynlia by Etlicher et nlH who show
that {t {a poanlble Lo excecd the Martin criterfon
and operalte waterlines at approximately 10%% of the
Martin breakdown streas.  Far pure water (10 Mg
=cm) of dielectric conatant k = 80 and Lhe abave
grometrey, the 1ine {mpedance is approcimately .7 (.
Each of theae waterlinea {n connected Lo the diode
ferd Lushing by an output awiteh of trigatron eon

Figaratton atmilar to that reported by Hnrklnn.” The
awliteh i preasurized with Ghy tooa Working preassure

of between {5 and S atmospheren abaotute, Nwl
tehiesr of thin type typleally have an injuctance on
the order of 100 nit/MY, no theae avlitohen are ox-
pected to have an Inductance of 0,0 yH ot larger.
When the output awlteh Flrea, the A na one=uay
mlocteienl Tength waterline delivera a 650 nn Yong
pulae of onc half the PEL charge voltave into a

mal chent Lo, We have carefully eagineered the g -
pul swlitehien Ffor low=j{tter performance and we have



measure.’ typlical jitters of 2 13 ns (one sigma) when
firing the PFLs int> both dummy loads and cold cath=
ode djodes - this is Quite sufficient for our needs.

Electron Gun Assemulies: The electron guns
provide the energeric electron beams that drive the
laser gas gain medium; theae guns consist of the
following maln components; diode feed bushing, cath-
ode corona shell, emitter, hibachi, an:! foll. These
components are housed in a vacuum enclosure and
maintained at a pressure suitable for tre operation
oi the field emission cathode and the feed bushing

(5 x 1076 torr). Any of the electron guns (SAM, PA,
IA, or LAM) s representative of tn~ design and
construction concepts used for Aurora, except that
the SAM |a considerably smaller tharn the other threc
and differs {n some conceptually unimportant de-
tails.

The dinde feed bushing scrves to make the e.ec=
trical Interface from the oll=insulated output
switch housing to the cathode vacuur environment.
Tris bushing 1s of typlcal high voltage design,

using NSO-angled-surrlce acrylic fnsulator rings
alternating with aluminum field=-grading rings. The
cathode corona shell attaches to the end of this
bushing and the graphite felt emitter surface {0 at-
tache! to a contoured boas on this shell. Graphite
fell emitters are used saince they exhibit low {gnil=
tion voltage and good apatial uniformity of elec

10
Lron emiastion,

The emitter area for the S5a% {n
12 erm x Y00 omp the A=K gap I 3.% om, which glves
an R diode {mpedance. 1t operaten at nominal volt-=

age and  cathode current denafty ol 300 kV ang

T A’vm“, reapectively. The FA and 1A electron

gUnn are almoat identical: both have approximatels
B oom A=K gapn and 4O em x RO cm emitter arear,
although the PA beam {8 masked Lo produce a 20 ¢m -
W JHO em beam arca compatible wilto fts amaller lane
aperture,  The LAM cathodes have emitter arcan of
100 em o x JOU em oand an A=K gap of about T7.% em. The
I'A and 1A diodes, are designed to matceh the PEL -
tmpedance of 2.7 O and operate at R nominal cathode
voltage of 67% kV and a nominal space=charge=]imite!

-
current denalcy of 20 AZem’ At the cathode.  The

[AM design §a 67H Y and 2% A/cm’, uhileh matohen
.30 60 tmpedance of twe 'Ea in parallel,

The Interface batween the dioade vacuum chamber
and the laner gan volume {8 provided by a titantur

or Vnplnn“ fotl o7 nominal S0 wm (L omiy)Y tnyoe

nean. The foll {a mpupported by an aluminum hibachi
atructyre that typleally han a geometricenl tranamgsa=«
aton of BT, Toe aopen=cell hibachi dimenatons range
from V4% em x V. b em for the SAM 1o 4 H em

x 4.0 em for the LAM. The paner chambera contain the
KeZ /A Taner gan mizturen at Aypleal preanares o

the range KO0 Yo 1700 torr:, the open=cell afren and
hibucht depthn are dealpned to withatand the me-
chanteal ateeanen due Lo these preasuare differe =
haln,



Magnett: Quasi<Helsholtz-pair electromagnet
coils on all amplifiers but the SAM provide magnetic
fields that stabilize the electron beams against
self=pinching and reduce collisional diffusion
loases in the laser gas volume., The colls are aym-
metrically placed about the center of the laser
chambers and provide almost unifore magnetic fields
parallel to the electron bearm paths. The PA and 1A
coils have pajor and minor diameters of 5.5 m and
1,65 m, respectively; the LAM has a sajor diameter
of 4,2 m and a minor diameter of 2.6 m. Typical
fields are 1200 to 1800 Gauss for the P and IA and
2,000 to 3,000 Gauss for the LAM. The usual operst-
ing waveshape is a faw second ramp from zero fleld
to the operating level, a few second conatant field,
followed by a ramp down tn zern fleld.

Diodc Model

The simple cold=cathode diode model that we use
to descrihbe the Aurora electron guns 1s based on the
Langmuir=Child space=charge l1imited electron diode

tneory.12 For a cathode of rectangular geometry,

the cathode current and voltage are related by the
following expresalon:

1 -k Qwat)y v¥72 | (M

where [ is the cathode current in amperes V {s the
cathode voltage In volts, 1 is the cathode length, w
{s the catnode width, d Is the A-K gap spacing, and

the constant k = 2.34 x 10~ for Lhe above set of
units.

Clonure of the A=K gap {a taken into account by
me.nt of the following expresaion

d = d =

O Wt ()

where do {s the initilal A=K gap apac.ng, v, is the

o
closure velocity, and t 1s the time after cuthode
{gnition. The closure ve,ooity depends on the mag~
nitude of the external applied magnetic fleld I

through the following approximate formulnH

L/
Vo = a8 ¢ b (

.

where a and b are constants with approximate valuen
of =0.088 and 1. 41, reapectively; the unita are
v In em/yn and I in k(.

A deacription of the electricnl operation of
the electpron guns Ia formulated by coupling bFgs
to Ve the egulviient clrcult shown In Fig. /.

The coupled circult and diode egquations are
solved by means of the NET=" circull analyatas pro

1
qv‘um.‘ ' This piogram deacribens the circuly by means
ol appropriate clreglt and tranamiasion llne differ=
et ial equationn.  Flgure 4 below Aahows The renultn
of a cireatt eateanlation for the LAM compared wilh

exprriment al measurementt of the e=gun voltage and
current



Fig. 3. Comparison of calculated (NFT=2) and meas-~
ured waveforms {'or the LAM cathnade voltage
and current. The PFL charge voltage was
1.16 MV at a switchout time of 1.8 us.
This switchout time ls approximately 2 PFL
transit t{mes be’ore the peak PFL ringup
voltage.

Initial Faraday Cup Data

Work 1s currently underway to measure the
spatial and temporal distributions of the e<~beam
current from the Preamplifier e~gun., The Faraaday

cups are of similar design to those of Pelllnen'5

and each has a collector area of 60 cme. The cups

are mounted on a ground plane 3 cm from the anodc
grid and measures the raw diode e~-beam current.
Figure 4 shows the spat‘'al distribution of the
e=beam over the cathode emitter. Magnet current was
1050A; considerable pinching is evident at this
applied magneiic field of -1,2 kG. However, the
distribution across the hibachi slots {s unf{form and
Is sufficient for cur needs. Voltage on the diodwr
was measured at 4B2 kV (495 kV cailculated).

Fig. 4. Preliminary measurements of the spatial
dlatribution of the preamplifier cathode
current denafty. Operation at higher
voliagen and B fields Is expected to
produre a more uniform distribution,

Energy Deposition

We have meanured the electron beam energy
deponited in the Kr/F?/Ar laner gan mixture In the

I.LAM laner chamber by means of pressure=jump calo=
rimetry. 5Since the s-beam energy ia deposited in
the gas {n a short time (~0.% us , the deposition
procean can be considered adiatatic. 7Therefore, the
deponited energy can be related to CV (the apecific

heat At constant volume), the laser cnamber volume,
and Lhe pressure rise that resultsa from the {nerense
in thermal enargy of the gas. The pressure riae in

measured with a commercial capacitance mnnnmrlpr.'h

For a gan mixture Lhat {is predominantly Ar and a LAM

volume of approximately 0,7 m{, the ensrgy vs pren-
aure relatfonship {a about ' kJ/torr. Flgure &
shown the energy depoatied {n the LAM laner gan an a
funclion of Marx charge voltage, e deposited

v
energ should be proportliopa: to V'/', aince the

poswer {a given by IV andg [ ~V'/" for a Langmufr-
Child dlode.  The aonlid 1ine on the Jog=i1og plol
has a slope of 4/ within vur sxperimental error,
Lhe datn rRgreea well with the calculated alope.

Fig. . Measured a=biram energy depoaltion into the
LLAM laner gan an a Tunction of Marx charge
voliage,



Suomary

The Aurora laser aystem 18 now in the final
atages of assembly and L:sting. In this paper, wve
have presented details related to the designs for
the large area electron guns that energize the four
KrF laser amplifjers that make up the serial ampli-
fier chain. We have also presented data on the
calculation and wmeasurenent of electron gun cathode
current, cathode voltage, current density, electron
energy deposftion in the laser gas, and preliminary
weasurements of cathode current spatial distribu=
tion. A simple diode model has been used to calcu-
late cathode currents and voltages in reasonable
agreement with measuraments.
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MARX GENERATOR CHARACTERISTICS

MARX |MAX &xv)
ERECTRD
\l-% STAQES “capac. | MDUCT. | cHARGE lul'l"’-l
wF) | 4w [voivaes|

sAM 14 230 o.e t75 /30x107°?

PA 1412 ce [ t 60 1.8

1A 14 172 Y 6 t 60 1.8
—

LAN 1412 230 (3 t 60 2.4
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